Efficient utilization of staff resources is perhaps the most critical issue facing nursing department administrators today, and has been a matter of concern to nursing service administrators since at least the early 1940's. This study used computer simulation to examine the effect on wage costs and staffing adequacy of varying nurse staffing levels.
INTRODUCTION
Due to a variety of factors in the hospital environment, efficient allocation of nursing staff resources is perhaps the most critical issue facing nursing department administrators today. Nursing's attention to problems in hospital nurse staffing is, however, not new. Imbalances between available nursing hours and patient care needs in hospitals have been a concern to nursing administrators since at least the 1940s (Giovanetti, 1978) . It is therefore surprising that there are no computerized decision support tools to assist nursing department managers to identify optimal staffing levels for their Master Staffing Plans. This study examined the effects of staffing level changes on wage costs and the incidence of overstaffing and understaffing through use of a computer simulation based decision support model. The purpose of this study was to select the optimal nurse staffing level in three units of the Ann Arbor, Michigan Veterans Administration Hospital.
This hospital used Skill Center Staffing as its Master
Staffing Pattern. (In Skill Center staffing, nurses work only in wards similar to the one in which they usually work.
For example, pediatric nurses work in all the pediatric floors, but do not work in adult or intensive care type units). Optimal nurse staffing was defined as the level of staffing that jointly minimized wage costs, overstaffing, and understaffing. The independent variable was staffing level.
Joint minimization of the three dependent variables--wage costs, overstaffing, and understaffing--is necessary if staffing levels are to be optimized because these three factors are not independent of each other.
The relationship between overstaffing and excess wage costs is fairly obvious. Overstaffing means that condition in which the hospital is paying for nurses to be idle because there is not enough patient care or other work for them to do.
The relationship between understaffing and wage costs is less clear. Generally, understaffing will tend to produce lower wage costs because the paid nursing hours are insufficient to complete the workload. Therefore, understaffing could be used to control wage costs; but this choice is made at the expense of care quality.
Paradoxically, chronic understaffing may increase wage costs if the shortages are consistently alleviated through use of expensive overtime or external agency nurses. Thus, while chronic overstaffing always tends to increase wage costs, chronic understaffing may either increase or decrease wage costs. The relationship between understaffing and overstaffing is not generally well understood in nursing.
Due to the many random variables that exist in the typical hospital nursing unit staffing situation, a perfect match between nursing hours and patient care hours is not generally possible. Previous research (McHugh, 1988) clearly demonstrated that Master Staffing Plans which eliminate overstaffing do so at the cost of massive increases in understaffing. Conversely, Master Staffing Plans that eliminate understaffing produce very large overstaffing costs.
If perfect balance were possible, exactly the number of required nursing hours would be provided each day. In this ideal situation, neither overstaffing nor understaffing would occur. All wage cost dollars invested would be used to produce an appropriate match between care needs and nursing hours available. Finally, wage costs would be minimized by a staffing system that used only "regular"
hourly wages so as to avoid overtime rates and the high hourly costs of using nurses from "PRN" nursing pool agencies. In this context the concept, "minimizing wage costs" is a matter of eliminating overstaffing and paying for required nursing care hours at the lowest hourly rate. (Carter, Ingall, & Walker, 1975; Kolesar & Walker, 1975) .
In hospital administration, researchers have employed simulation for applications such as admissions scheduling (Hancock, Martin, & Storer, 1978; Hamilton, Hancock, & Hawley, 1975 class by the VA formula for workload hours for that class, sum the hours across classes, and store the result each day in a counter, and finally print out the mean daily workload.
The average number of unscheduled absences was used to calculate the probability that simulated nurses would fail to report for duty. Operationally, this was accomplished by randomly selecting a number of nurses each shift who were absent. For example, there might be a 20% probability of one absence, a 3% probability of two absences, and a .5% probability that three nurses would fail to report to work. The actual probabilities varied according to size of the unit--a unit with 20 scheduled nurses was much more likely to have three absences on a shift than a unit with 10 scheduled nurses.
In the VA hospital, records of absences by unit were available. These obtained data were used to calculate The VA hospital was unable to estimate the probability of obtaining voluntary overtime work. A simple calculation of the number of overtime hours paid may give no information on the number of requests to work overtime that were refused. As with absence rates, overtime availability was a fiat probability function. These probabilities were arbitrarily defined for all units and all hospitals as follows: there was a 40% chance of failing to obtain nurses willing to work overtime, a 40% chance of finding one nurse willing to work overtime, a 15% chance of obtaining two nurses, and a 5% chance of obtaining three nurses.
As with overtime availability, the VA hospital was unable to provide any information on intermittent and off duty part time staff availability rates. These two sources were treated as a single source for the purposes of the simulation because they were both paid for their time at a regular rate. The probabilities for obtaining staff from these sources was a linear combination of the probabilities for each.
VA hospital policies restrict the extent to which part time nurses may work extra hours. Therefore, an arbitrary probability of 60% was assigned to the likelihood of obtaining extra hours from part time staff. This was divided as follows: 0 nurses obtained = 40%, 1 nurse obtained = 50%, 2 nurses obtained = 7%, and 3 nurses obtained = 3%.
In the event of excess staffing, nurse administrators have few options if forced short term layoffs --that is, nurses forced to take an unpaid day off--are not used.
(The VA hospital did not use forced short term layoffs because of the expectation that such an administrative action would lead to increased morale problems and higher turnover rates). The three options in the event of excess staffing were:
1. Pay the excess nurses to stay and work the shift even though there is little or no work for them to do; 2. Permit the excess nurses to take one of their paid vacation or personal days;
3. Permit the nurses to take an unpaid day off.
Options 2 and 3 had the same effect on hourly wage costs since vacation hours were not part of direct wage costs. If the nurse took a vacation day, s/he was paid for that particular day, but also reduced her/his paid non-work time by one day. Therefore, the probability of getting a nurse to go home when nursing hours exceeded workload consisted of the joint probability of options 2 and 3.
Again, the VA hospital did not keep any data on the incidence of nurses going home when workload was low (or more common, being called prior to the start of the shift and asked if they would rather not come to work).
However, most of the head nurses claimed that they usually found at least one nurse who was happy to take an unpaid day off or unscheduled paid leave day when staffing was excessive. Arbitrarily, this method of reducing excess staffing was assigned a 90% probability of success. This probability was divided into 70% probability of one nurse taking the day off, and 20% probability of two nurses taking the day off.
RESULTS
Wage Costs. There were significant wage cost differences among three of the four staffing levels (F[3,36]=1616, p<.0001). (See Table 1 Essentially, a reduction of only 10% in this Skill Center meant a reduction of less than one nurse per shift).
Therefore, the 40% and 50% staffing levels produced the same direct wage costs, and of course, the same amounts of overstaffing and understaffing. Thus, they will be jointly reported as the 50% staffing level. (Due to rounding, there was a small difference between the dollar costs of these two staffing levels). The 60% staffing level produced yearly direct wage costs 1.4% higher ($9,400) than the 6.7% 8.0%
50% staffing level. The 80% staffing level produced wage costs 6.7% higher than the 60% staffing level (a yearly increase of $48,320) and 8% higher than the 50% staffing level (a cost increase of $57,720 for the 80% over the 50% staffing level). Although the differences are statistically significant, the dollar amounts of those differences are considerably smaller than expected. In a hospital with a direct wage budget of $4.5 million dollars annually, there was less than $10,000 difference among the three tested staffing levels (see Table 1 ).
Staffing Adequacy. There were significant differences among the staffing levels for both overstaffing (F[3,36]= 11,733, p<.0001) and understaffing (F[3,36]=33, p<.0001). As the values of the F-test show, the size of the differences among the staffing levels for overstaffing was larger than the size differences for understaffing. This finding was a function of the extremely large amount of overstaffing produced by the 80% staffing level (see Table   2 ). Interestingly, the 80% staffing level provided no statistically significant advantage over the 60% staffing level Figure 1 Costs and Staffing Adequacy by Staffing Level for reduction in the incidence of understaffing. Therefore, the 80% staffing level is rejected. The choice between the 50%, and 60% staffing levels was not as easily determined.
STAFFING LEVEL
The 60% staffing level cost only slightly more than the 50% level and some of this cost was expended on a slightly higher rate of overstaffing (the Sheffee multiple comparisons found no significant bivariate differences between the 50% and 60% staffing levels for direct wage costs). However, the 60% staffing level produced a somewhat smaller incidence of understaffing. The joint minimization of overstaffing and understaffing requires balance between these two phenomena. Neither the 50% nor the 60% staffing levels provide that balance.
Therefore, it would appear that the most efficient staffing level falls somewhere between the 50% and 60% staffing levels.
Optimizing Staffing Levels. As can be seen in Figure   1 , the 40/50% staffing level constituted the lowest cost solution. This level also produced almost no overstaffing (.2%). However, it permitted a comparatively high level of understaffing. On average, the Psychiatric Skill Center was understaffed once a week with the 40 / 50% staffing level.
In contrast, the 80% staffing level produced understaffing only once every 44 days. The 80% staffing level produced significantly higher wage costs (p<.0001) than the other three staffing levels. It also produced overstaffing at least once each day (and often there was more than one idle nurse on an overstaffed day). Because of the poor match between care needs and available nursing hours, the 80% staffing level is unacceptable.
Although the 40/50% and 60% staffing levels were not ideal, they were acceptable.
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The choice between the 50% and 60% staffing levels was not simple. The difference in wage costs between these two staffing patterns was only 1.4% per year. The 50% staffing pattern produced less overstaffing (.2% versus 1.7%), but a higher incidence of understaffing (.9% versus .4%). The optimal staffing level falls somewhere between the 50% and 60% staffing level at about the 55% level (see Figure 1 ).
CONCLUSIONS
Nursing departments wishing to choose an optimal staffing level will want to consider a variety of factors in their environment. These data provide evidence that staffing in the range of 50% to 60% of expected maximum workload (for average to slightly over the average workload in the unit) will be optimal. Actually, some of the wage cost and staffing adequacy differences are so small that many hospital managers might find them inconsequential in a multi-million dollar budget. Due to the increase in indirect wage costs for the 60% staffing level (such as health insurance and other benefits), nursing management might opt for the 50% staffing level.
Nursing Service Administrators will want to make their choice on the basis of factors such as the hospital's financial situation, the risks to patient of understaffing conditions, and whether excess nurses who cannot afford to take unpaid days off can be usefully assigned to tasks such as writing or updating procedure manuals. 
